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TITLE 

METHOD FOR MAKING REINFORCED ION EXCHANGE 
MEMBRANES 
5 HELD OF TffEJDmmQtt 

method comprises the lamination of a fluorina^d ion " pam,0n3 - Thc 
porous substrate made from a hydroearb^r"^^ 8 ? f to * 
10 m polyethylene. Preferably a polyolefm, such 

In clcctrochemicaJ cells such • 
compartments. ChemicaJly stable ion exch^no T ° dc 

U«W* 3,7„, 6 2 7; 4.35C.545; md 4.32^^7 " 
perfluorocarboxylic acid polymer, u described in u S Paten, v 
".131,740 and 4.734..70, have found broad use* se^ " 
for the electrolysis of brine. "Parators. pameul^ly 

20 , . . F " reKOnSOf '^ Ml ^' effl < ;i '"'y.co S te(recuve„e s! ,a„H„o 
abraa„m, pmc9 « Jcntfch >* c <*« be .ear. 

-J resistance ,„ ionic conduction is J^ST? bT *" 

methanol.*, M ceUs and hydrogen^, foe. ceUs £, cell 
>0 system, a problem arises which is similar to the problem in L, , , • 

rei^r tt ^r rw ^^^^ 

electrical reststance pf the membrane in which c«e the cotresoondin. 
power output of the fuel cell is e«easi„el, low. C0,r "P < " Id " , 8 

In order to reduce the membrane resistance, it is desirable to 
HoT" of themembrane and increase L w.,^e„ t 

However, a decrease in WCtness and . incmase of the water 
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^ cell. Many mel ee„ s opt L . £££ «P-"y a gaseous 

•"■creases tbe likelihood of damage , 0 the fill? f Which 
mflerenoal pressure m . y be subj. *J£* Such 
'Mhood of damage ,„ £ ,j£ «*•* "» mcrease, fc 

«* used i„ motorvehiclea o" m jt a t ° V ^ 

«nd rehydme which cause* stteL and ZT rM<! '° 

«amage ,o the membrane. " ""»« «" BMbxri of 

Prior an fluorinaled membranes can be in ,h- r 
^cdo^c^dfitac,^^'"^™^ ■ 
15 remforcemen, wiUun a membrane, while malm,.?' 

benefice. M amc4 ^ OTc ijsrs r;.r r * ,ouuy 

remforcemen. , uch as fabric re*,,* h . .hicCm" 
'aada <o high., electrical resisiance A °*m*™e. « >""> 

also leads ,o higher resisance, is , ""^ * W "> 
0 reinforcing mOTbcrs ne ^ eflee, of.be . 

• straight perpendicular pa,h from one J£1°V 7* ' m ' mb ™< » 
Reinforce, members arc usual!, fZcZ - *"''*"• 

Ita, pans of ^T^r""" ** " "°' 
perpendicularly straight throuri, rh. m u n CiUlnot ^V 6 ' 

' ,~-^,ojpr^: ;e^::r which,heiM 

"ahadowed areas." .nnodncuon of shadowTa^,' „T T" 
use of reinforcement leads to a reduction i„ ,k. ° ' membran = >>/ 
»nich actively ^ ioiu , J^^T" * * 
membnm.. A third deleterioc, effect ofZ " of • r ° f ** 

r ^e.a P oorwa,erman.gementP^:^^ tS*' 
generated in the caUlode side of d* fuel cell and ?* v 6 
membrane from me calbode side to *T* * 

membrane having reinforcement, the wa^dim, 

Reinforcement mechanisms have *~ ■ wancc 
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expanded polytetrafluoroethylenc (EPTFE) fib™ k u 
Whotty encapsulated by or e m b JJ ^ ^ " 

poller. Conunercia. produc ts reflect ££££ Such /' 
mentbranca are desert in U.S. Paten, No . ^ , 70 and 7"*""' 
5 ta Aetata. No. 62-2S023 . and 62-2^30 ^^ 

•bout, 5-0 nri, thicks of ion exeban, ZZ^ZZgZ 
o and encapsulate the fobric. Thinner ntensbranes arc ^1 

because they m ay no. comply CO ver Ae ^ 

tntegnry of membrane ia imp.^. ^ ^ -* «*• 

10 aqueous m .di. of this reinforced 5..0 mil structure i S 

*- ta of « reinforced drinncr membra becalm ^ed" 
UucIokss and ft. reduced effttlive cr0M Jeclion avj . ™ 

t^port because ofthe encapsulated fabric Wilh „,. ° 
resist ia b ig b and soch . membrane ia oo,! c=a7X 1^ ' ?* 
13 os. in electrolytic call or fad cells "«««nly stutslactoty for 

. reined ^ PTFE or «*— 

TTie precursor perfloorinated ion exchange polymer is ext„,^ 
...temperature ,ess d,.„ 300'C „ form, fijn, toJ2ZZ££ 

can beperfluonna,^ smfony, fluoride po.yn.cr . pe,„uorin,,ed 

earboxyl* er polymer, or a muluLyered Jtnlc<llre of 3uch 

23 fluonde polynurc. crboxylcer polymers or bod,, where „ e J* 

polymers form distinct layers in the cocxtruded fllnT 

30 ill * preMU " *' rera " i " of "°« "«™ «■» abou, 

30 760 nun uterctny. This lamination step is difficult to control and Z, 

""l.mp^rep^ucftiHv^dpwrwUformny. !„ addition I 

m ' ke mC °' b ™ eS rei0f0 '« d «"* *uch a, PTFE 

in ^dir: ,a r siy req ° ircs * ~ ~* 

33 !5J^iSr------'*'*-^««- 
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Reinforced ion exchange membranes are also useful in 
chemical separations and facilitated transport mechanisms. In the 
separation of fluids, membranes through which fluids have different 
permeation rates have been useful in separating mixtures of those fluids 
5 Such membranes have been wound with macroporous separating meshes 
which permit free flow of fluids to and from the membrane's surfaces and 
modules have been constructed. Thin perfluoroionomer films have a very 
high permeability to water and some other polar molecules, but effective 
permeation separation modules cannot be built from these thin, fragile 
10 perfluoroionomer films. 

Facilitated transport is a related separation technique wherein a 
continuous membrane is plasticized or swollen with a liquid. The 
dissolved liquid complexes with one of the fluids, such as gases, to be 
separated and selectively facilitates its transport across the membrane 
15 Again, thin perfluoroionomer films offer some unique opportunities for 
facilitated transport, as, for example, in the separation of amino acids in 
aqueous media, but the thin perfluoroionomer does not have sufficient 
dimensional stability or mechanical strength to undergo module 
construction or withstand operating pressure differentials. U.S. Patent 
20 No. 4,194.041 provides for a waterproof article which is composited with 
a hydrophobic EPTFE layer and permits the passage of water vapor. The 
ability to transport aqueous liquids is important not only in electrolytic 
processes but also in permeation separation and facilitated transport 
operations. * 

25 71,0 disadvantages of membranes reinforced with PTFE, 

EPTFE or the like may be overcome by using a membrane reinforced with 
other porous substrates, such as porous substrates made from 
hydrocarbons, such as polyolefm, especially polycthylencs, polyesters or 
polycarbonates, preferably made from linear high density polyethylene 

30 ("LHDPE"). Such substrates or fabrics provide a relatively inexpensive 
membrane with good mechanical strength capable of operation at low 
electrical resistance with good water management. However, such 
substrates usually cannot be processed at the high temperatures used to 
process PTFE/EPTFE reinforcement and the accompanying precursor 

35 polymer film. Such substrates may be thermally unstable and may, for 
example, degrade, decompose or melt at temperatures of 260°C. LHPDE, 
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for example, will me |, and Ice porosity, and possibly degrade a, 
temperatures of about 130°C. a cgrade, at 

Therefore, a method is needed to produce a substantially 
non-porous, compose ion exchange membrane which is r,i„r Z 
5 "«» or me lik e end ml y ---pJJS^S^,*' 

™'P«^t invention providee.rimpleJnexpeoMve 

10 membmn. wrd, ^uxy mechaiic4j Jtrai6th Md - 

* «c common which approaches to of veey ^ 

P«fl»oro Km exchange polymer membranes. The process «l; m ,„.,. ... 
need fca . cosrlyhe., s(cp and ^^J- 

degrade or decompose on the co mponMU . ^ * 
mvennon prov,dee compose membranes which overcome Z 
mechanical arreogth limirauons of thin perfluoroionomer film, wirhou, 
..gmficauy. reducing me high penned end „,„ " ~ 

wdh mesemmperfluoroio^merfiims. Such reinforced ion „TJ, ' . 
membranes are particularly useful in fuel cells. 

SUMMARY OF th* rNVPMIIQn 

m^h™ A Pr ° Ce , M J 0f mak!ng 3 COmP ° SitC flU0rinated "change 
membrane » prov.ded. The process provides a composite membrane 
composing a fluorinated ion exchange polymer film bonded to a 
s^^ The composite membrane is 

cLo™""^ t0 bUUC fl ° W ° f ^ "* ^ -P-iaHy 
cations, to transport across the composite structure. 

The porous substrate used in the present invention is made 

from a hydrocarbo!,. preferably having a melting point below about 

220 C, such as polyolefin, preferably LHDPE. The substrate may be a 

febnc, may be woven or nonwoven. The bond between the substrate and 

a suTe^r r e : r ,ymcr film h forracd ■ « 

a surface of the film and then applying the substrate. The fluorinated ion 
exchange polymer film preferably is perfhiorosulfonate or 
perfluorocarboxylate. The fluorinated ion exchange polymer is 
solubilized by coating a surface of the membrane with a solvent The use 
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of certain solvents advantageously enables the membrane «n h 
at or near room temperature. A sufficient amout of, lien h IT"* 
preferably be used so as to permit the solubilized fluor na ^ ' 
Polymer layer to flow into me pores of the 
5 adhesion between the porous substrate and M, L ' ,,tate 

fluorinated ion exchange polymer. suspended 
The composite membrane made by the oresent m.,h h 

used as a reinforced thin selective barrier in cnenZ be 
in • . . " lcr ,n cnc mical separations 

10 proving mcc hanica| strength without sacrificing low Stance to 
3e!ect,ve transport inherent in a thin perfluoro ion resistance to 
alone. The composite membrane mayTe el 7 *' fi ' m 
separator between anode and J^Z^* " " 

15 membrane may also be used as a thin continuous bamW 

separations and in facilitated transport o^Z ^Z KT 
Prov^ racchani 3upport Md fc apacc3 brtwccn b ^nc 

prov,dc avenues of passage of fluids to and from the merT 
without substantially sacrificing the high seleTtl D " , 
20 -ter^domcrhydrophilicma^^^ ■ 
exchange polymer film. *" 1,1,0 perfluoro i( >n 

A method for making a mechanicallv ct™~ 
25 electrolytic processes and allowing high permeation r>,~ ■ 

from h A ^ r° US SUbS, " Ie ° f promt » "»de 

fro- a M«t«, p refOT b ly . poly„ len „, prcferably havj a ™< 

pont bdow .bout 220-C. The polyoteft* pmicularly 2^ 
*. m emoran mclude po|yahy|e|le po,^™ * 

m.y oc h 18 h. o, low .fercity. u, subsMtt may be ^ 
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which is woven or non-woven and nrn „;j 

w hcreby te ion ~r T** 

P^des a ^ prcvcnnng fc rclatjvcIy ^ ^) 
from bemg ruptured or damaged; and ( c) 5y ^ 0 f ft^^T 
high porosuy of the fabric does not greatly reduce tWff , 
section of the membrane for ionic condul! W ^ 
be used to inexpensively reinforce 2 ^ Z « * CM 
without greadyLr^ing the 1^ IT, 
-reinforced ion exchange membranes ^ ^ * 

The substrate layer may be a continuous sheet or mav b« , 
fabnc, woven using various weaves, such as the p,ai n Zl 
weave, leno weave, or othen. Relatively open weaves Z f 1 
because the electric resistance is lower Tbe fib! , ***** 

15 ordmary round cross sections, or may have special «o7s7Zl 

m mbT ^ 3eCt,0nS ' " ° ri ™ to thT 

membrane, make ,t possible to get more reinforcing action win , iv ' 
overall membrane. g n WIth a thinn « 
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In the present invention, the performance of an 

invention* conned by m ion ^ 

banier stop bulk flow „f rucIwts , 8 md ™ 8 

low e,eetri c resistance and hi g „ acchm ^ ™* 

£u, ..yer ,s inte^ry lamijH , ed „ ^ u ?st7' 

The substnle u applied to continuous fluorinated polyme, Z^h 

f«bly in * so-called prralnor fonn) by coali ^ 
flnc surface of the tnen,b™e or both w ilh , solvent „,„„,,, 
d*pecs. souk of the p„ lyraer precrocr „ 
detradsaon temper of , he pre 

bufd"" 0 " T ' ^ ^ °" «" «« «« -b^.o 
but doea no. substantial* pencMte ^ aolven't ™ 

uniformly applied then the comooaile m ^l_ 

'"'"ompojite membrane may contain airholes 
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which reduces adhesion between the layers and adversely effects the 
electrochemical properties of the membrane 

It is also possible to apply a solvent to both sides of the ion 
exchange resin layer. The solvent should preferably be applied in 
5 sufficient amount to dissolve or disperse some of the ion exchange resin 
on the surface of the layer so as to permit some of the ion exchange resin 
to penetrate into the pores of the substrate. The.substrate may then be 
overlaid on such surface(s) of the ion exchange resin layer. The surfaces 
of the substrate and/or the membrane to which the solvent has been 
1 0 applied are then pressed together. Optionally, the layers may be heated 
and fused together provided that the process is conducted at a temperature 
below that which would cause the degradation of the fabric. For LHDPE, 
the lamination process must be performed below about 130°C. Heating of 
the layers also facilitates the dissolution of resin on the surface of the ion 
) 15 exchange resin layer. The solvent may be removed by vacuum and/or at 

; ) . elevated temperatures. The ion exchange resin layer and the substrate . 

layer are thus integrally bonded. 

In addition to such a method, it is possible to form a coating 

,a y erinwhi ^ aso,u ^ 

, . 20 the ion exchange resin layer (optionally with other resins or plasticizers) 
is coated on one or both sides of the substrate layer," and the solvent is 
evaporated or the coating is heated to a temperature higher than the 
softening point of the polymer. 

* Compounds useful herein as solvents for the ion exchange 
25 resin include, without limitation, lower aliphatic alcohols, such as 

methanol, ethanol, propanol, isopropanol, perfluorinated cycloalkanes, 
perfluorinated aromatic compounds and perfluorotrialkylamines. 

Perfluorinated cycloalkanes are saturated cyclic compounds, 
which may contain fused or unfused rings. The cycloalkanc compounds 
30 may be substituted by perfluoroalkyl and perfluoroalkylene groups. 

Pcrfluoroalkylene group is an alkylene group which is branched or linear 

and connects two different carbocyclic rings. The total number of carbon 
atoms in all of the perfluoroalkyl and perfluoroalkylene groups in a 
) molecular of the solvent are preferably less than the total number of 

35 carbon atoms in the carbocyclic rings of the solvent molecule. It is 
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substituted with pcrfluoroalkvl om, m , mat,C ' om P 0und3 may also be 
will actually „« Z 

or T , S„C ,0,™ includ , bol ^lTr *°" ' 8 °' C 
hexafluorobenzene, pcrtu OT omnhy!cyclohe«n t „Jfl' , 

preferaMy per flu o rott aaa« WntC CXy ' ami " e - 
Other 3uitab!c solvents arc wHI ^ . 

Thechcmica sthicfi.riaof^ cr>^— ^ . ^^U. 
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T . . , ' ' ^uowti and FRJ 

I he chemical structure of the FREON® E scries is: 

F(CFCF 2 0) n CHFCF 3 

where the E number is equal to a. 

- British Patent Specification 1.286 «*» n. 
water with ai least 5% by wei«h, ofnL* . & 3 ° 1Ution of 

which di„o.v« pcrfluorinac., io „ exchan „ ' " ™* "f i " c <' l, ° , 
between 180"C and 300T .„h k i p ° l)mt ' 5 " lemperalures 

whioapa^y or (any diaao^^^L^^r 01 ' 1 "' 

o,vt r hieh u 

ui»5oivca or suspended ion exchange resin. Prefrr a Ki« tu • 
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In any case, in the present invention, any method may be 
employed for dissolving or dispersing the ion exchange resin so long as it 
provides a membrane in which an ion exchange resin layer is integral 
laminated and supported on one or both sides of the hydrocarbon subsL* 
layer. The total thickness will be preferably from 70 to 350 mm. 

The preferred process for the manufacture of a two-layer 
febric-reinforced composite ion exchange membrane involves a series of 
steps, as foUows: 

(1) The precursor of the fluorinated polymer is melt extruded to form a 
film. This precursor polymer may be the sulfonyl fluoride copolymer 
or the carboxylester copolymer. Both materials may be coextruded to 
form a bilaycr film containing a layer of each polymer; 

(2) The precursor film is laminated or bonded to a porous hydrocarbon 
substrate, preferably a polyolefin fabric such as TYVEK® MYLAR® 
or PULPLUS® (all of which are commercially available from 

E. I. du Pont de Nemours and Company) wherein the solvent is used 
to facilitate bonding between the fabric and the ion exchange layer 
The solvent or a liquid solution of solvent and a fluorinated ion 
exchange resin is applied, sprayed or coated onto the ion exchange 
resin layer. The fabric is overlaid onto the surface of the ion exchange 
• resm layer. The solvent is then removed by application of a vacuum 

(3) Optionally, the composite membrane is impregnated with a dilute 
(e.g., 2%) liquid composition of low equivalent weight ionomer (as 
disclosed in U.S. Patent 4,453,991), and dried. 

(4) The precursor film layer is hydrolyzed to the fluoroionomer form in an 
aqueous alkaline solution (preferably containing a polar organic 
solvent such as isopropanol or DMSO), rinsed with water, and dried. 
In particular, hydrolysis may be performed as described in U.S. Patent 
4,584,07 1 ; e.g., 50»C-I00«C solution of 6-20% KOH (preferred) or 
other soluble hydroxide, 5-40% polar organic solvent (DMSO 
preferred) and 50-90% water with a contact time of at least 5 minutes. 
The composite is next rinsed with water for at least 10 minutes 
resulting in the potassium salt form of the perfluorosulfonate polymer. 
If desired, the polymer can be exchanged to the desired ionic form by 
contacting a bath of at least 1% of a salt of the desired cation, or an 
acid if the hydrogen form is desired, rinsed again with water and dried. 
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(5) Optionally, the substrate and/or the m^k 

can bo combined. S.cp (3, cou!d be integrated w ^ en m b . W 
or otherwise impregnuing the membrane^ i t el JCff h SPra) " ne 
>0 mel«co«er) m d drying before wind-up. " " """" off, "« '™-. IOT(0 r 

The three-layer composite may be Drenan-H k„ r«n • 

to - (2, , yi e,d . ^ ^ :„ c^x^r* 

applying a second substrate to the other side of th, 7 ? ( } 

■5 aaududcheu betweentwoioo exchange rosin layersor. ZZ f t 
exchange ream sandwiched between rwo .. y .„ of ^ ^ ""' 
mululayer variations may abo be prepared. 

In an alternate embodiment, die precursor ion exch.„e e f,p m 

20 hydrocarbon substrate porous 

Tie ion exchange film can be of fioorinattd sulfonyl fluori,,,. 
polymer, fluoruuaed oarboxy^e, polymer, or a m m n «71 ™ , 
such .Ifony, ftuoride powers. Chester 
ttte drffe™ p„,yme„ form disfinc, ,aye„ m the encoded fihn 
25 Altemauvely. . m „| U „ yei film m ^ 

and "Mocking" me fi lmS togemer; puniug L°S^ f 
-unsure and he., so ma, they adhere togemer dunughl la ^ ion 

Also, hydrolysis can be earned om prior .ocoaUng me 
0 membrane wrth ionotner if me water content of the hydrolysis bath ,„ 
enough „ th,, me ba.hso.uoon wil, mfiy paKtrate £ * 
preventmgdel.min.uon ftom occurriog. This would invoive h7d ro !L 
me structure immediately after lamination oflhe Hynlcr ^ 
aohruon „f 5-20V. alM m«a. hydroxide, 30-90% poto org* "solvent 

> "^^.w.^meao.ufionbeingauchma.ftwiL.X; 
substrate pomon of me composite cumpleu.y fin d« porous 
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* so-cioo-c wiu, . C0Mact of al tet 

nosed in „. ta md ^ A ,. 6% J« The rrmcmr, 

<he perfluorosulfonic acid polymer ,„„ polar ^ "»> *n» of 
sprayed or coated onto the f abric side of " lhe ^ «*« - *- 

die polymer soltmon. ' ""^ ca " bt 'Mied 

The substrate layer may optionally be rre.i»d ,„ • 
Mrophilic narore to >he interior thereof priori t ' 
bonding wi,h an ion exchange res„T„ 72 T*™ *° 
.0 an may be employed as . mL ,o im£, ^ h "» 

porous materia,. For instance. M ^ ^ ' » -he 

-par, the hydrophilic „ alure , 0 ». ^ J> „ ~ , 

The .on exchange resin layer constitntino th. T 
■5 present invention is made of a «^L^^^^ 
havmg an ion exchange capacity of from 0.5 ,„ 2 " 
preferably from 0., to ... me„/g dry resin, and m ° 3 ' 
carboxyhc acid gronp, sulfo „y, w or ^ « ~ 

I ne ion exchange resin laver lkpH in - . * 

most preferably „, of 1Wlm anjched ^ and 
hydrolyzable to safts. The nonfluorin. atoms, if used mayt „ „ „ 

The suifonyl polymers according to this Wenrion m u 

•CFjCFRSOjX, wherem R- is F, CI, CF 2 CI or a C, to C,„ 
perfluoroalkyl radical, and X is F or CI, preferably F fwj ■, . 
30 chains will ccntoin ^CPJCT^jSO^^S?^- *' 

Polymers containing the side chain 



-O(CF 2 CFO) k -(CF 2 , 3 - e0jF 

CF-, 
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where k of 0 or 1 and j is 2, 3, 4. or 5. may be used. 

Preferred polymers contain the side chain 
-<OCF 2 CFY) r OCF 2 CFR'S0 2 X, where R, Y, and X axe as defined 
5 above; and r is 0, 1, 2, or 3. Especially preferred are copolymers 
containing the side chain 

— OCF 2 CF0CP a CF 2 SO 3 F 

10 The salt-form carboxylic polymers have a fluorinated 

hydrocarbon backbone chain to which are attached side chains carrying 
before hydrolysis to the salt form, certain function groups hydrolzable in 
an alkaline medium to carboxylate groups, such as nitrile or ester groups. 
The polymers include; e.g.. those containing the -(0CF2CFY) n -O-CF2- 

15 CF 2 -W side chains, where Y is F or CF 3 ; n is 0, 1, or 2; and W is COOR 
or -CK where R is lower alkyl. Among these polymers, those with n = 1 
and Y « CF3 are preferred. 

Polymerization to form the sulfonyl or carboxylic acid 
polymers may be carried out by known methods. 

-20 The copolymers used in the manufacture of ion exchange resin 

layers used in the membrane of the present invention should be of high 
enough molecular weight to produce films which are preferably 
self-supporting in both their melt-fabricable (precursor) form and in the 
hydrolyzed ion exchange form. 

25 The equivalent weight of the ion exchange resin is not critical, 

and depends somewhat on the structure of the salt-containing side chain ' 
on each polymer. It may be obtained by using a mole ratio of 
tetrafluoroethylene to the comonomer in the carboxylate copolymer of 
5.0-8.2, preferably 6.0-7.4. In the case Where the carboxylate side chains 

30 are salts of -OCF 2 -CF(CF 3 )-0-CF2-CF2-COOH. the broad equivalent 
weight of the nonporous layer in contact with the catholyte should be 
about 908-1230, and the preferred equivalent weight will be about 
1008-1 1 50. The equivalent weights are expressed for the -COOCH3 
form. 
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The equivalent weight of the sulfonate polymer is even less 
critical. In the case where the side chain is the salt of 
-0-CF 2 -CF(CF3)-O.CF2-CF2-S0 3 H, the equivalent weight should be 
800-1500, preferably 900-1300, and moat preferably 900-1 100. The 
equivalent weight of the sulfonate layer is calculated for the -CO3H 



form 



The ion exchange resin layer may also be made of a laminated 
layer or a blended layer comprising two or more fluorine-containing 
polymers having different ion exchange groups anoVor different ion 
1 0 exchange capacities." Namely, by using a combination of at least two 
types such as a combination of a fluorine-containing polymer having 
carboxylic acid groups and a fluorinc-containing polymer having sulfonic 
acid groups, or a combination of at least two fluorine-containing 
polymers of the same type with different ion exchange groups, the 
1 5 respective fluorinc-containing polymers may be blended to form an ion 
exchange resin layer, or the respecrive fluorine-containing polymers may 
preliminarily be formed into films, and such films arc preferably heated 
and pressed for lamination to form an ion exchange resin layer. Further, 
the ion exchange resin layer may also be formed by converting ion 
20 exchange groups such as sulfonic acid groups on one side or both sides of 
a fluorine-containing polymer film into carboxylic acid groups. 

The ion exchange resin layer may be of any thickness, but it 
should be recognized that the thickness may be important in the operation 
of the present invention. Namely, an ion exchange membrane has low 
25 water-peimeability, and thus has a higher resistance as compared with a 
fabric layer. Therefore, the thickness of the ion exchange resin layer is 
made preferably as small as possible, and usually smaller than the 
substrate layer. Therefore, the thickness of the ion exchange resin layer is 
less than about 250 pm, preferably less than 1 00 urn. 
30 106 membrane comprising the porous hydrocarbon substrate 

layer and the ion exchange resin layer may then be used for facilitated 
transport processes or chemical separations. It may also be subjected to 
the above-mentioned treatment for imparting the hydrophilic nature by 
having at least a portion of its interior pores coated with a perfluoro ion 
35 exchange polymer. After imparting the hydrophilic nature to the 
substrate, the membrane is particularly useful in the fuel cell. 
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The membrane made according to the ; 
Provide, high power cfficiency wd |ow m L J n ~rL 
generaUon of electricity i„ a fuel cell; and by the use of a 3XJ JZ , 
preferably an LHDPE layer, it provides good mech an^ ^ 
5 especially tear strength required for the membrane during use iTue fuel 
ceil or ■ tts handling. Moreover, the process 0 f makingL j££ 1 
3,mp.c. reproduce and eliminates the need for a costly heat laZ j" 

It is also_p 0 ssib«e to provide a gas andliquid permeable 
10 substrate layer containing electrocatalytically inactive particles or a gas 
and liquid permeab.e fabric layer on one or both surfaces of the ion 
exchange resin layer of the present invention, to further reduce the 
membrane resistance during operation of the fuel cell 

Initial wetting of the membrane may also be facilitated by 
treatment of the substrate with a water soluble ionic surfactant such as 
ammonium pcrfluorooctanoate. 

The generation of electricity in the fuel cell, by means of the 
membrane of the present invention may be conducted under known 
conditions. Fuel cells have application as a power source for aerospace 
devices unmanned facilities on sea or shore, stationary or movable radios 
autonomies or domestic appliance,. A plurality of electrochemical fuel 
cells are often used to provide an economical multistage operation 

The present membrane may also find use in certain electrolysis 

25 r CC Z: " ^ CMOnSkZli a,,h ° Ueh * shou,d «* appreciated Z 
25 the substrate may deteriorate in the harsh chemical and thermal 

environment of an electrolytic cell. For example, ft electrolysis processes 
producing caustic exceeding 20% in concentration, a continuous bilayer 
ion exchange membrane comprising a thin layer of perfluorocarboxylate 
polymer on one surface of perfluorosulfonate ion exchange polymer film 
(as described in U.S. Patent 4,487,668) may be mcorporaL hX 
composite of this invention with the thin sulfonate layer interfacing with a 
substrate, such as LHDPE. 

Correspondingly, the composites of the present invention can 
also be used ,n permeation separation and facilitated transport separation 
processes and devices. The substrate provides mechanical strength and 
support and the spaces between the fibers provide avenues for relatively 
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unencumbered passage of fluids to and from the continuous membrane 
surface wuhout substantially sacrificing the high selective nZ !T 
facilitated transport rates PO^U^^ 

CoaungmeioteriorandexteriorsurfacesofthesubstraJZ 
5 perfluoroionomer renders the substrate structure sufficiently hvdroohihV 
|o avoid gas losing which would bloclc the free passage T^Z 
hqmds to the membrane surface. In addition, the external and Jell 
coaung prov.de, an inert reinforcement of the , ubstrate structure ^ 
compress,on and collapse under a substantial pressure gradient 

™< ternr-substrate" or "fabric" in this disclosure includes 
without .station, substrates and fabrics woven from fibers and "so 
nonwoven webs and sheets of these fibers laid down by a variety of 
techniques Within the intent of this disclosure, the term TabnV aL 

15 by cutung holes ,n a sheet. ,n which the intersections between fibers or 
. strength members are completely fused. The substrate layer referred to 
o™er ,ayW W ^ ^ ^ » ~ « — 

20 th,s disclosure refers to a union between the fiber or strength memTer^ 
the substrate with the ion exchange resin, the union ^ „t not 
necessanly exclusively, mechanical and involving the intermingL of 
surface components of the ion exchange resin layer with the structure of 
the substrate. An adhesive material may also effect the bond 
25 BXAlVfPT^, 

Composite ion exchange membranes were prepared bv 
lam inaiing NAFION® ion exchange films having thicknesses of M mils 
to potyolefin substrates. Substrates used were TYVEK® 1056D 
TYVEK®980. PULPLUS® 161 and calendared PULPLUS® 161 
30 Solutions were made using NAFION® pellets and 

perfluorotetradecahydrophenanthre^e (C 14 F 24 ) solvent. The solutions 
were made at 90«C so as to increase solubility. The solution was applied 
to the surface of the substrate and the substrate was then laid on the ion 
exchange film and the layers were laminated at 120'C. 20 in. Hg Vacuum 
35 and a lammator speed of 6 in/min. 
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The membranes were then hvdml?^ t~ »u 
50/50 meftanol ^ „.,,, (volume) . ^ „ J b ' ' K0H (w «*«> » 

5 ~.uu„ 0 *„ 0lUy MdM NAFION®. n. «* S howc7~7 
penetration of At NAFFON® io the substrate. com P ,c,e<l 
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I. A process for making a composite me m hr»„ 

0 „ ton exchan8C Bta Som : flu x:^:r^ 

b) forming a porous hydrocarbon aobslraK- 
5 c) coating a, fcaa, „ ne side 0 f said fibn or sobs*.* or bod, wiu, a 

d) contacting the coated aide or sides of ,u» .- u 

» r= :"C=:rr:- 

3. The process of claim 1 comprising the further st,n „r * 

hydro^I ' ™ ng - — «* or 

- 5 The process of claim l comprising the further sten of 

6. The process of claim I wherein the solvent is a lower 
ahphauc alcohol, a perfiuorinaled cycloalkane a n,rfl, L 
compound or a perfluorotriaJkylamL >> Crfl «d aromaHc 

, ann| . . ? - ^ proccss of c,ai * 1 comprising the further step of 

process are oe^l^T ' " ^ c) ^ d > 

process are performed at or near room temperature 

) dissolve V*' ° f C,0im 1 Whercfa SO,vcnt stains 

) dissolved or dispersed ion exchange polymer 

1 I. A P r ^ for making a composite membrane comprising- 
a formmg an .on exchange film from a fluorinated polymer- *' 
b) hydrolyzmg said polymer film; 
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c) forming a poro U5 hydrocarbon substrate- 

d) coating at least one side of said hydrolyzM fi. 

both with a solvent for said poly Z ^ a °' 
at a temperate below the * P,rfhnMd 

5 and the film; and temperature of the substrate 

e) contacting the coated side or sides of th* u 

Mature be,ow the degrad^n Lnelt ^ *» * * 

the film. " CmpCratUrc <>f substrate and 

the film. C ' ,,tatc bondl "g of the substrate to 

compound or . perfloorortUkyl^io, P"**™"* „om al ic 

film. C,,,ta * e bondm « of the substrate to the 

19. The process of claim 1 8 wh«;« #u 
Pdymcu^.o mJ[e fc film , » *• « «ch» 8 e 

«M«olv«d or disponed in ,hc *>lv.m. «"hang e p„ lyn , er 

30 o.™ , J", A ""' onexc " M8c,nCT ""»"»^by U , eproccuof 
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